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^© A polyester film made of a mixture comprising a thermoplastic polyester (A) as a matrix component and a 
thermoplastic polyamide (B) having a glass transition temperature higher than the thermoplastic polyester (A), as 
fsa dispersed component, or a laminated film having a surface layer made of said mixture, wherein the film 
O surface has fine protuberances formed with said thermoplastic polyamide (B) as nuclei. 
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POLYESTER FILM 



The present inv entio n relates to a polyester filrTL hnw i nn n u nif o rm l y Gontrn tL ftH cnrf^ roughness useful 
in the neias or mat- films, nidijh euc tapes, capacitors and packaging and which is excellent in the 
productivity. 

Polyester films, particularly polyethylene terephthalate films, are excellent in the mechanical properties, 
thermal properties and chemical resistance, and they are widely used in various fields. However, as is well 
known, the surface roughness of the films is very important in their processing or applications, and a 
number of methods have been employed for the control of the surface roughness. 

For example, in the field of mat films, in order to provide a relatively high level of surface roughness, it 
is known to employ a so-called sand blasting method wherein the film surface is roughened by blasting 
hard particulate sand or the like, to the film surface, a method in which a resin containing inorganic 
particles, is coated on the film surface, a method in which inorganic particles such as silica or titanium oxide 
particles are preliminarily kneaded into the film-forming resin, or a chemical etching method wherein the 
film surface is eroded by an acid, an alkali or a solvent. In the surface roughening of polyester films, a sand 
blasting method or a coating method is mainly used. On the other hand, it has been proposed to roughen 
the surface by adding an organic synthetic resin. For example. Japanese Examined Patent Publication No. 
12368/1980 discloses a combination of a linear polyester resin and a polycarbonate and at least two types 
of other high molecular weight polymers; Japanese Examined Patent Publication No. 28096/1983 discloses 
a combination of a linear polyester resin and a phenoxy resin; and Japanese Examined Patent Publication 
No. 28097/1 983 discloses a combination of linear polyester resins. However, in each of these methods, it is 
necessary to introduce a large amount of the additional resin to sufficiently attain the surface roughening, 
whereby there have been pointed out drawbacks such that the production cost is high, the surface 
roughness is so coarse that the product value tends to be poor, and the mechanical properties of the film 
tend to be low. 

On the other hand, in the fields of magnetic tapes, capacitors, electrical insulating materials, transferring 
and packaging, the slipping properties of the films are very much influential over the handling efficiency 
during the process for their preparation or during the post processing steps, or over the quality of their 
products. Therefore, it is required to provide relatively fi ne rougjiness^ on thR surfer^ of the films so as t n 
rerhic n thn nnntnnt ■^^^w Ppn ^ themselves of with other contacting objects . For this purpose, an 
inner particle-forming method or a precipitation method i.e. a method for precipitating fine inorganic 
particles in the system from the residual catalyst during the synthesis of a polyester, or an addition method 
i.e. a method of adding inorganic fine particles from outside the reaction system during the synthesis of a 
polyester, is mainly employed. However, these methods have problems such that it is difficult to control the 
amount or the particle size of the precipitating particles, the inorganic particles can hardly be uniformly 
dispersed in an organic polyester and tend to undergo coagulation to form coarse particles. The presence 
of such coarse particles is, for example, likely to cause dropouts in the case of magnetic video tapes and 
thus leads to a fatal defect. Further, if a non-stretched film of a polyester containing inorganic particles, is 
stretched, voids are likely to form along the boundaries of the particles and the polyester, whereby the 
particles tend to fall off from the film when the film is brought in contact with other materials during the 
processing or during its use, and thus so-called abraded powder is likely to form. An organic synthetic resin 
is regarded as excellent in the affinity and in the dispersing property for the above inorganic particles. A 
typical application example is the dispersion of close-linked acrylate resin particles into a polyester, as 
disclosed in e.g. Japanese Unexamined Patent Publications No. 155029/1980 and No. 178144/1988. 
However, if this is actually tried, it is very difficult to control the surface roughness of the obtained film* 
probably because due to the ester exchange reaction which takes place between the ester linkage in the 
polyester backbone chain and the ester linkage of the acrylate side chain during the melt mixing or during 
the film-forming from the melt, the state of the contact interface of the two, delicately changes (probably a 
three dimensional compound of the polyester will form). Further, with such a method of adding organic 
synthetic particles, it is usually necessary to have a step of adjusting particles such as disintegration, 
pulverization or classification prior to the incorporation to a polyester, which leads to complexity of the 
process, such being undesirable. 

J tjs an object of the present invention to s olve the ahn ye problems relating to the formation of surf an^ 
rogg^e§§, tp me po l yester turns, The present invention has been accomplished on the basis of a discovery 
that to accomplish the object, it is effective to incorporate a thermoplastic polyamide having a high glass 
transition temperature to a film-forming polyester. The film of the present invention has a controlled surface 
roughness and thus is useful in various fields. 



EP 0 398 075 A1 

& x The present invention provides a polyester film made of a mixture comprising a thermoplastic polyester 
(A) as a matrix component and a thermopl astic polvamide (B) having a plass tran siti on temperature higher 
thanthe thermoplastic poly ester (A), as a dispersed component or a laminated film h aving a surfac e layer 
fnacfe of said mixture, wherein the film surface has fine protuberances formed with said thermoplastic 
5 pptyam jde (B) as nuclei. 

" FJowTthe present invention will be described in detail with reference to the preferred embodiments. 
^ In the present invention, typical examples of the thermoplastic polyester (A) include polyethylene 

<r?£,' i( terephthalate (PET), polybutylene terephthalate (PBT), polyethylene-2,6-naphthalate (PEN), poly-1 .4- 
Ly t i> A cyclohexylene dimethylene terephthalate (PCT) and poly-p-ethyleneoxy benzoate (PEOB). These polyesters 
io fully satisfy the requirements for the properties and the costs for the film-forming polyester. Here, the glass 
transition temperature (hereinafter referred to simply as Tg) of the thermoplastic polyester (A) plays an 
important role in the relation to Tg of the thermoplastic polyamide (B), and it can be measured by a DSC 
method. Generally ; Tg of PET is 70° C, Tg of PBT is 50° C ( Tg of PEN is 120* C, Tg of PCT is 95* C. and 
Tg of PEOB is 60 °C. Needless to say, other components may be incorporated as copolymer components 
is to these thermoplastic polyesters so long as the film-forming properties are not impaired, and the polyester 
^eniay be a polyester mixture of e.g. PET and PBT. 
\A* A J Tne thermoplastic polyamide (B) to be used in the present invention is a thermoplastic polyamide 
y<£? *t / having Tg higher than the thermoplastic polyester (A). This requirement relating to the Tg is based on the 
L^Qllowing reason. 

20 Namely, the thermoplastic polyester (A) and the thermoplastic polyamide (B) are melt-mixed so that the 

thermoplastic polyester (A) constitutes a matrix and the thermoplastic polyamide (B) forms a dispersed 
component, and then the mixture is extruded into a film and further stretched to obtain a surface-roughened 
film. If the Tg of the thermoplastic polyamide (B) is low, it will be stretched together with the thermoplastic 
polyester (A) during the stretching, and the thermoplastic polyamide (B) will not serve as nuclei, whereby 
25 the necessary protuberances of the film surface will not be obtained. 

The difference in^Tg between the thermoplastic polyester (A) and the thermoplastic polyamide (B) is 
preferably at least 20° C, more preferably at least 30* C. 

As such a high Tg polyamide, there may be suitably employed a polyamide which contains, as a 
copolymer component, a component such as 5-tert-butylisophthalic acid, 1 ,1 ,3-trimethyl-3-phenylindane- 
30 3 ,5-dicarboxylic acid, 3-aminomethyl-3,5,5-trimethyl-cycfohexylamine, 1,3- diaminocycfohexane, methax- 
ylylenediamine, 1 ,3-bis(aminomethyl)cyclohexane. 2,4,4-trimethyl hexamethylenediamine, bis(4- 
aminocyclohexyl)methane or bis(3-methyl-4-aminocyclohexyl)methane. Such a polyamide can be obtained 
by polycondensing such a copolymer component with a proper combination of a polyamide-forming 
component such as ethylenediamine, tetramethylenediamine, hexamethylenediamine, phenylenediamine, 
35 adipic acid, sebacic acid, cyclohexane dicarboxylic acid, isophthalic acid, terephthalic acid, naphthalene 
dicarboxylic acid, € -aminocapronic acid, co-ami nododecanoic acid, aminobenzoic acid or e-capro lactam, by a 
usual conventional method. The higher the Tg of the thermoplastic polyamide (B), the more readily the 
surface roughening effects will be obtained. However, in view of the polycondensation efficiency or the 
processability during the melt molding, it is preferably not higher than 200 "C. 
40 In the polyester film of the present invention, the thermoplastic: pn| Y am jHe (R) jrr di-p^r^rl a 

n dispersed component in the thermoplastic polyester (A) as the matrix. The thermop lastic pn lvamide (B) are 

\^&Z^ Pr^fc^'v spnerical as far as nnssible. and it is oreferahly present in th^ fnrm nf parfjri ps havino_ a particle 

AjA * \Y \l ji Sg_ of a submicron to micron order. In the case of ellipsoidal particles, the ra tio of the long di ame ter to the 

r m 



sh oja giameter is pr e ferahly a4 -niuul « i. U , mum i Jfe fer ^brfv-^iUii os t 1 .5." 
'* \ -j^^? In the fi!m of tne P resent invention, thethermnpi^tir pnty ^jde (6) serves as nuclei for the formation of 
jjO^^^ tiDe protuberances on the fi lm surface. Tftglarger the amount of the thermoplastic polvamide (BHang^e 
> ^ g ^^rf^ g ^i er the P^cfe SIZ ^ 11 lu Tnor o - romarkap ie me surface roughness of t he film becomes. For its use as"a 
^^^i.r/^ film - t hft nentftr surface awprar<=> rniirjhnpoo (<^Ra) nr of Qrably from^O.I to 3 urn , more preferably from 
' 0.2 to 2.5 urn. For its use as a mag netic tape or for pack aging, SRa is preferably from iWMYA to 0.7 u rn and" 
J<sf$0X> its ten point average rougnness (SFU) Is Mum u.tW lo l.b urn. The amount of the thermoplastic polyamide 
Apai'^^ t0 be incor Porated. is adjusted depending upon such a desired surface roughness. As a rough estimate, 
*1 i n the case of a mat film, the amount of the thermoplastic polyamide (B) is usually within a range of from 5 



1 tc^2Q%,by weight, and in the case or a magnetic tape, it is usually within a range of from 0.001 to 3% by 

^ weight. Here, SRa is aruaygiane distance of the peaks of mountains and the hottoms of the valleys from a 



X 8 55 center s urface when the plane where the sum of the areas of mountains and the sum o f the areas of valleys 

V. a \9 Jf on the film surface are equal .-is taken ag the renter c,,rf ? ™> QR^pprpc.p n ^ tnr H i l lm»ncc between th e 

\) ^ 1 V* average h eight of five highest mountains and the averaq depth oflhe rive fle^pest valleys on the""~fiim 

" surface taking the center surface as the reference plane. In the film of the present invention, SRz is 
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sufficiently small as compared with SRa. Namely, the film has a uniformly controlled surface roughness. 
SRa and SRz can be measured, for example, by a three dimensional surface roughness meter, manufac- 
tured by Kosaka Kenkyusho K.K. 

The film of the present invention may be a single layer film made of the composition comprising the 



that the layer made nf said mmpnsitinn constitutes a surfa ce laver on one side or each side of the film . 
Such a laminated film serves for the improvement of th e mechanical properties or the reduction of the 
costs. As such other polymer, a polyester such asC PETLJ ^BT. PEN, PCT or PEOB is preferably used from 
the viewpoint of the mechanical properties and production efficiency. 



The film of the present invention can be prepared usually by a conventional method. Namely, the 
thermoplastic polyester (A) and the thermoplastic polyamide (B) are melt-mixed by a single screw or a twin 
-screw extruder to finely disperse the thermoplastic polyamide (B) into the thermoplastic polyester (A), and 
the mixture thereby obtained is by itself, or together with other polymer, melt-extruded from a T-die or a 
circular die in the form of a film and then cooled by a casting roller or by a gas or liquid- The non-stretched 
film thus obtained is then monoaxially or biaxially stretched . The non-stretched film has a surface 
roughness which is relatively smooth, and roughness appears when such a film is stretched. The stretching 
temperature is preferably at a level intermediate between the Tg of the thermoplastic polyester (A) and the 
Tg of the thermoplastic polyamide (B). At a temperature lower than the Tg of the thermoplastic polyester 
(A), the stretchability is poor. On the other hand, if the temperature is higher than the Tg of the 
thermoplastic polyamide (B), it becomes difficult to obtain good surface roughness. The stretching rate is 
preferably at least 1.5 times in the case of a monoaxial stretching. By biaxial stretching, an even better film 
is obtainable. In this case; it is preferred to stretch the film at a stretching rate of at least 1.5 times in each 
_g£the longitudinal and transverse directions. 

There is no particular restriction as to the method for stretching the film. Monoaxial stretching, 
successive biaxial stretching or simultaneous biaxial stretching may be employed. The stretching apparatus 
may likewise be, for example, a double roller monoaxial stretching machine, a tenter-type transverse 
stretching machine or a tenter type or tubular type simultaneous biaxial stretching machine. 

T g x the film^ of the prpfinpt in"**"*'™*, innr-gan^ aHriitiwoc ft uch as silica, titanium oxide, calcium 
c acbonaTe: alumina, kaolin, mic a and talc may he inmrpp/at ed within a range not to impair the ef fects of 
t hejpresent invention^ " ™ ■ 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted by such specific Examples. 



REFERENCE EXAMPLE 



Preparation of high Tg polyamide 

10 kg of starting material comprising 45 mol% of isophthalic acid, 5 mol% of terephthalic acid, 45 
mol% of hexamethylenediamine, 5 mol% of bis-(4-amino-3-methyicyclohexyl)methane and 0.015 mol% of 
acetic acid, was charged together with 8 kg of water, to a reactor, and the air in the reactor was purged with 
nitrogen a few times. The temperature was raised to 90 °C and the reaction was conducted for about 5 
hours, and then the reaction temperature was gradually raised to 280° C over a period of 10 hours under 
stirring under a pressure of 18 bar. 

Then, the pressure was released and reduced to atmospheric pressure, and the polymerization was 
conducted at the same temperature for 6 hours. After completion of the reaction, the product was taken out 
from the reactor and cut into pellets. The relative viscosity of this polyamide was 1.50 as measured at 20° C 
at a concentration of 1 g/dt in m-cresol, and Tg was 150° C. 



EXAMPLES 1 to 3 

PET (A-1) a n d the no l v a m i rifi fB-1) obtained in the Refere nce Example were melt-mixed in the 
proportions varied as identified in Table 1, at 280* C by means of a twin screw extruder and formed into 
chips. 

Then, the chips were melted at 280° C in a 50 mm$ extruder and extruded through a T-die to form a 
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film having a thickness of about 50 pm. The non-stretch d film thus obtained was monoaxially stretched 
three times at 90° C by a double roller monoaxial stretching machine. The compositional conditions are 
shown in Table 1. All of the stretched films were excellent in the mechanical properties and in the writing 
properti s. 

Table 1 



Example 
Nos. 


Weight ratio of 
A-1 to B-1 


Mechanical 
properties 


Writing 
properties 


Evaluation 


Example 1 


92:8 


Good 


Fair 


Pass 


Example 2 


85:15 


Good 


Good 


Pass 


Examplejj^ 


73:27 


Fair 


Good 


Pass 



EXAMPLE 4 

The non-stretched film in Example 2 was simultaneously bistretched at 100° C 3.3 times in each of the 
longitudinal and transverse directions, followed by heat setting at 230 *C. The properties of the stretched 
film thus obtained were excellent as shown in Table 2. 

Table 2 



Test items 


Units 


Numerical 
values 


Breaking strength 


kg/mm 2 


17.2 


Breaking elongation 


% 


78 


Heat shrinkage (160° C x 15 min.) 


% 


1.2 


Surface roughness (SRa) 


Um 


0.95 


(Measuring direction: Longitudinal direction of the film) 



40 

EXAMPLE 5 

By means of a co-extrusion film-forming apparatus provided with three extruders of 40 rnm#, a non- 
45 stretched film was prepared which was laminated so that a polyethylene terephthalate layer of 300 um was 
located at the center and the resin mixture layer having the same composition as in Example 2 and having 
a thickness of 100 um was located on each side. This non-stretched film was stretched 3.3 times in the 
longitudinal direction at 90° C by a^ roller-type longitudinal stretching machine, and then stretched 3.4 times 
in the transverse direction at 100°C by a tenter-type stretching machine, followed immediately by heat 
so setting at 230* C. 

The surface roughness of the stretched film was large as shown in Table 3, and the writing properties 
were also excellent. Further, the mechanical properties were excellent as shown in Table 3. 



55 
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Table 3 



Test items 


Units 


Numerical 
values 


Breaking strength 


kg/mm 2 


20.2 


Breaking elongation 


% 


97 


Heat shrinkage (1 60 ° C x 1 5 min.) 


% 


1.0 


Surface roughness (SRa) 


mm 


0.97 


(Measuring direction: Longitudinal direction of the film) 



75 



EXAMPLE 6 and COMPARATIVE EXAMPLES 1 and 2 

In the Reference Example, polycondensation was conducted by using sebacic acid instead of tereph- 
thalic acid, to obtain a polyamide (B-2) having a Tg of 118* C. By using this polyamide (B-2) and the above- 
mentioned polyamide (B-1) and PEN (A-2), a mohoaxial stretching test was conducted in substantially the 
same manner as in Examples 1 to 3 at the stretching temperature and with the composition as identified in 
Table 4. As is evident from this Table, the Tg of the polyamide and the stretching temperature play very 
important roles for the surface roughening of the film. 

Table 4 



Example Nos. 


Composition (parts 
by weight) 

(A-2):(B-1):(B-2) 


Stretching 
temp C C) 


Writing 
properties 


Example 1 


85:15:0 


140 


Good 


Comparative Example 1 


85:15:0 


160 


Poor 


Comparative Example 2 


85:0:15 


140 


Poor 



40 

EXAMPLES 7 to 13 



Pellets of PET (A-1) and pellets of the polyamide (B-1) obtained in the Reference Example were 
45 blended in various proportions as identified in Table 5, and the mixture was melt-mixed at 180° C by a melt 
extruder and extruded through a T-die to form a film having a thickness of about 200 urn. The non- 
stretched film thereby obtained, was simultaneously bistretched 3.3 times in each of the longitudinal and 
transverse directions at 100* C, followed by heat setting at 230° C. The blending proportions and the 
surface roughness, static frictional coefficient and mechanical properties of the films thus obtained are 
so shown in Table 5. As is evident from the Table, the effects of the present invention were confirmed by 
these Examples. 

Further, each stretched film was cooled by liquefied nitrogen and then split in each of the longitudinal 
/ direction (MD direction) and the width direction (TD direction) of the film, and the cross sections were 
/ photographed by a scanning electron microscope with 3000 magnifications, whereby in each film it was 

/ observed that the polyamide (B-1) was distributed in the form of ellipsoidal particles of from 0.5 to 1 urn 

l^order and with a long diameter short diameter ratio of from 1.0 to 1.5. 



6 
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Table 5 







. Properties of the stretched films 


Example Nos. 


Amount of B-1 
(% by weight) 


SRa 

(urn) 


SRz 


Static friction 
coefficient 


Strength 

\«yi 1 1 • 1 1 1 f 


Elongation 


Example 7 


0.001 


0.003 


0.037 


0.62 


23 


1 wo 


Example 8 


0.01 


0.008 


0.096 


0.53 


23 


110 


Example 9 


0.10 


0.013 


0.17 


0.45 


23 


110 


Example 10 


0.50 


0.022 


0.36 


0.41 


22 


107 


Example 1 1 


1.0 


0.027 


0.58 


0.32 


22 


105 


Example 12 


2.0 


0.030 


0.82 


0.28 


22 


106 


Example 13 


3.0 


0.058 


1.34 


0.22 


21 


102 


Note: The values for the strength and elongation are values measured in the width direction 
of the film. 



COMPARATIVE EXAMPLE 3 

A test was conducted under the same conditions as in Example 3 by using pellets of PET (A-1) and 
pellets of a poiyamide (B-3) composed mainly of a polyhexamethylene adipamide. The stretched film 
thereby obtained had a SRa of 0.002 urn and a SRz of 0.060 urn. The cross sections of the film were 
observed by an electron microscope, whereby it was found that the poiyamide (B-3) was distributed in the 
form of fine streaks directed in the longitudinal direction of the film. 



Claims 

1. A polyester film made of a mixture comprising a thermoplastic polyester (A) as a matrix component 
and a thermoplastic poiyamide (B) having a glass transition temperature higher than the thermoplastic 
polyester (A), as a dispersed component, or a laminated film having a surface layer made of said mixture, 
wherein the film surface has fine protuberances formed with said thermoplastic poiyamide (B) as nuclei. 

2. The polyester film according to Claim 1, wherein the thermoplastic polyester (A) is polyethylene 
terephthaiate, polybutylene terephthalate, poIyethylene-2,6-naphthalate or poly-1 ,4-cyclohexylene 
dimethylene terephthalate, and the thermoplastic poiyamide (B) has a glass transition temperature higher by 
at least 20* C than the thermoplastic polyester (A). 

3. The polyester film according to Claim 1, wherein the amount of the thermoplastic poiyamide (B) in 
said mixture is from 5 to 20% by weight, and the center surface average roughness of the film is from 0.1 
to 3 urn. 

4. The polyester film according to Claim 1, wherein the amount of the thermoplastic poiyamide (B) in 
said mixture is from 0.001 to 3% by weight, the center surface average roughness of the film is from. 0.003 
to 0.7 um, and the ten point average roughness is from 0.03 to 1.5 um. 
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